Journal of Indian Orthodontic Society | Vol 49 | Issue 3 | Jul-Sep 2015
Chlorhexidine is affective against Gram-positive bacteria, Gram-negative bacteria, and yeast. It is bacteriocidal at a high concentration and bacteriostatic at low concentration. The positively charge chlorhexidine radical binds to the negatively charged microbial cell surface [9] and prevents adhesion but due to clinical side effects of chlorhexidine like staining of teeth and metallic taste it cannot be used for months in patients undergoing orthodontic treatment.
To overcome the side effects of inorganic mouthwashes research is being conducted for the use of natural and herbal products in mouthwashes. With growing interest and increasing knowledge about the medicinal value of natural products, various formulations have been made commercially available. Studies have found that one of the product like neem has antimicrobial activity which contains the alkaloid margosine, resins, gum, chloride, fluoride, sulphur, tannins, oils, saponins, flavonoids, sterols, and calcium. [10] Since, no study has been done to evaluate the effect of organic mouthwashes in the assessment of corrosion resistance of different types of arch wires. Hence, the objective of this study was to evaluate the reliability of organic mouthwashes over inorganic mouthwashes in the assessment of corrosion resistance of different NiTi arch wires and to evaluate the corrosion resistance in different commercial NiTi arch wires.
MateRIals and Methods
Two different types of commercially available NiTi arch wires were used for the study. All of the wires were 0.016 inches in diameter and shaped as preformed arches. These wires were divided into different groups according to the type of mouthwash used and according to different manufacturer companies. The sample size for each NiTi wire was 10.
Group I: NiTi-1 wires (Rematitan-Dentaurum, Germany) immersed in Listerine mouthwash Group II: NiTi-2 wires (Ormco, CA, USA) immersed in Listerine mouthwash Group III: NiTi-1 wires (Rematitan-Dentaurum, Germany) immersed in chlorhexidine mouthwash Group IV: NiTi-2 wires (Ormco, CA, USA) immersed in chlorhexidine mouthwash Group V: NiTi-1 wires (Rematitan-Dentaurum) immersed in organic mouthwash (Neem-40) Group VI: NiTi-2 wires (Ormco, CA, USA) immersed in organic mouthwash (Neem-40).
A potentiostat (AUT86102) was used to perform linear polarization test as shown in Figure 1 . The electrochemical set up used in this study consisted of two glass jars having two openings to allow the insertion of electrodes and two smaller holes for the ends of arch wires as shown in Figure 2 .
The jars were filled with artificial saliva. A saturated calomel electrode and platinum sheet were used as a reference electrode and counter electrode respectively. [11] The NiTi wires were used as working electrode. The reference electrolyte used was Fusayama-Meyer artificial saliva. The composition of this saliva closely resembles natural saliva which consisted of NaCl (400 mg/L), KCl (400 mg/L), CaCl 2 .2H 2 O (795 mg/L), NaH 2 PO 4 .2H 2 O (650 mg/L), KSCN (300 mg/L), Na 2 S.9H 2 O (5 mg/L), and urea (1000 mg/L). All the chemical constituents were provided from Merck Chemical Company, Germany. The pH was measured with a pH meter. The electrolyte was adjusted to pH of 6.25 using sodium hydroxide and maintained at 37°C. Each group of NiTi wires were immersed into Listerine mouthwash, chlorhexidine mouthwash, and inorganic mouthwash respectively for 1 min every day and were kept into distilled water for the rest of time. After 30 days of immersion of sample, the corrosion test was performed using potentiostat. Before testing, the specimens were ultrasonically cleaned in ethanol for 10 min and in distilled water for 10 min. The samples were dried with hot air and kept in the desiccator until the beginning of the test. The linear polarization curves of test specimens were measured from −10 to +10 mV versus corrosion potential with scale rate of 0.1 mV/s after dipping into the test electrolyte. The corrosion potential was measured over time by plotting the polarization curves, once the potential was stabilized to determine the corrosion resistance of NiTi wires in a different type of mouthwashes. The experiments were performed three times for each orthodontic wire in each test solution.
Each curve represents one of the three experiments of each material in each medium, and all the curves were obtained from reproducible individual measurements. The polarization resistance was statistically analyzed using one-way analysis of variance (ANOVA) for analyzing the wire manufacturer factor (α = 0.05). The polarization resistance which is inversely proportional to the corrosion rate is defined as the slope of potential versus current density near corrosion potential in the linear polarization curves. NiTi arch wires dipped into organic mouthwash showed decreased corrosion rate and high polarization resistance than the NiTi arch wires dipped into chlorhexidine and Listerine mouthwash. One-way ANOVA showed that statistical significant difference was observed between the polarization resistance (Rp) values of different types of NiTi wires immersed in different types of mouthwashes (P < 0.05).
dIscussIon
The maintenance of oral hygiene is an important part of orthodontic treatment. The orthodontist may prescribe special mouthwashes to patients those who are not able to maintain the oral hygiene or the patients with the previous periodontal problem. This mouthwash might be fluoride containing or chlorhexidine mouthwash. Hence, there are various studies about the positive effect of these mouthwashes on the periodontal health. However, to our knowledge little attention is paid on the negative effects of these mouthwashes on the properties of orthodontic arch wires which are the active part of orthodontic appliances. Now-a-day, herbal products are attractive for many patients because they are considered to be harmless. Today, neem extracts are used as an antiseptic and antimicrobial or simply as an herbal mouthwash. Various studies have been conducted to evaluate the effect of different type of inorganic mouthwashes on the corrosion of orthodontic arch wires, but no study has been done to evaluate the effect of organic mouthwashes on the corrosion of arch wires. So this study was conducted to evaluate the reliability of organic mouthwashes over the inorganic mouthwashes in the assessment of corrosion resistance of different types of arch wires.
The deionized distilled water used in this study had a pH of 7.5, therefore, deionized distilled water was not acidic and was not responsible for corrosiveness. [12] The oral environment promotes the corrosion due to change of temperature, pH, and food decomposition. Fluoride is one of the elements that can modify the metal surface.
In the present study, when NiTi arch wires were immersed in different types of mouthwashes, it was observed that polarization resistance was highest in organic mouthwash and least in Listerine mouthwash as shown in Table 1 . As polarization resistance is inversely proportional to corrosion rate, it was found that highest corrosion rate was found in Listerine mouthwash. The reason for the high corrosion rate might be due to the release of the fluoride ions from the Listerine mouthwash, which causes the local dissolution of titanium oxide layer and hence decreases the corrosion resistance of NiTi wires. This in accordance with the study conducted by Huang, who reported that the protective role of titanium oxide formed on the titanium alloy is compromised by the fluoride ions when the sodium fluoride ion concentration exceeds 0.1 wt%. [13] The chemical reaction between the fluoride ions and titanium oxide layer results in the formation of titanium oxide fluoride layer which leads to deterioration of the passivity by thinning of titanium oxide passive film leading to depolarization of the anodic branch of polarization curve. [14] This means that higher current density can be reached in the presence of fluoride due to the depolarization of the passive films as shown in Graph 1. This increase of current density may also be attributed to the increase of titanium oxide layer defects in the presence of fluoride ions and its oxide chemical dissolution. This study is in favor of study conducted by Heravi et al. who found that the acceleration in the corrosion behavior of nitinol wire in the saliva solution in the presence of fluoride can be attributed to either the increase in aggressive ion concentration or the nature of fluoride as an accelerator ion. [14] The reason for the high corrosion rate of chlorhexidine mouthwash as compared to the organic mouthwash might be due to the difference in the acidity of mouthwash. pH of chlorhexidine mouthwash is 6.5 and pH of organic mouthwash is 7.75. As pH is inversely proportional to hydrogen ion concentration, therefore, organic mouthwashes are less acidic than inorganic mouthwash. Thus, chlorhexidine mouthwash showed high corrosion rate as compared to organic mouthwash. Another possible reason might be due to greater release of nickel and the chromium ions, which could be attributed to the corrosiveness of chlorhexidine mouthwash. This is in favor of the study conducted by Danaei et al. [12] who also found more release of nickel and chromium ions when NiTi arch wires were immersed in chlorhexidine mouthwash which leads to the more corrosion of NiTi arch wires. However, it also gives more negative findings such as altered taste sensation and discoloration of the teeth. The current density of NiTi wires immersed in chlorhexidine mouthwash was found to be more as compared to organic mouthwash (Neem-40) as shown in Graph 2. The low corrosion rate found in the organic mouthwash as compared with the Listerine mouthwash and chlorhexidine mouthwash may be due to the ingredients present in neem which contains the alkaloid margosine, resins, gum, chloride, fluoride, sulphur, tannins, oils, saponins, flavonoids, sterols, and calcium. [10] The neem mouthwash (Neem Genie Co. Ltd., LD7 1EN) used in this study consisted of distilled water, neem, mint, benzoine, eucalyptus, cinnamon, thymol.
As fluoride is the ingredient present in the neem which has concentration <0.009% provides the conditions for the renovation of the passivating layer thus preventing more degradation on the titanium surface. The current density of organic mouthwash is least as polarization resistance is maximum as shown in Graph 3. This study is in the favor of the study conducted by Toniollo et al., who found that the concentration of 0.05% sodium fluoride solution on the titanium surface is safe whereas the 0.2% solution of the sodium fluoride causes the degradation of the titanium surface. [15] When the polarization resistance and corrosion rate was observed between the different arch wire manufacturers, it was found that corrosion rate was highest in Ormco as compared to Dentaurum irrespective of mouthwash used. Therefore, it is wise to use mouthwashes which contain a lower percentage of fluoride when their consumption seems necessary, especially during long-term orthodontic treatments as this reduces the risk of poor physical and electrochemical characteristics of the wire.
Thus, organic mouthwashes are more reliable than inorganic mouthwashes as far the corrosion rate of NiTi arch wires are concerned. The oral cavity conditions are more complex due to the factors such as pH level; oxygen concentration, temperature, as well as food debris which leads to the corrosion of orthodontic arch wires also should be considered.
conclusIon
The following conclusions were drawn from the study:
• Organic mouthwash showed high corrosion resistance as compared to inorganic mouthwash irrespective of different arch wire manufacturer • Lower corrosion resistance was observed in NiTi arch wires manufactured from Ormco as compared to NiTi arch wires manufactured from Dentaurum.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
